Steroid abuse is a growing problem among amateur and professional athletes. Because of an inundation of newly and illegally synthesized steroids with minor structural modifications and other designer steroid receptor modulators, there is a need to develop new methods of detection which do not require prior knowledge of the abused steroid structure. The number of designer steroids currently being abused is unknown because detection methods in general are only identifying substances with a known structure. The detection of doping is moving away from merely checking for exposure to prohibited substance toward detecting an effect of prohibited substances, as biological assays can do. Cell-based biological assays are the next generation of assays which should be utilized by antidoping laboratories; they can detect androgenic anabolic steroid and other human androgen receptor (hAR) ligand presence without knowledge of their structure and assess the relative biological activity of these compounds. This review summarizes the hAR and its action and discusses its relevance to sports doping and its use in biological assays.
Introduction
The impetus to gain an edge in competitive sporting events has existed for as long as the sports themselves. Today, not only do athletes strive to be the best in their chosen sports, but there are also large financial incentives and outside pressures to succeed associated with the international sporting industry; these reasons have lead to a constant increase in the use of performance enhancing drugs (1) . Despite centuries of reports of using substances to enhance athletic performance, systematic testing of athletes for the use of performance enhancing drugs began only in 1968 (1) (2) . Since that time, a list of banned substances and procedures has been maintained and constantly updated by the International Olympic Committee (IOC) and the World Anti-doping Agency (WADA). The compounds and methods included on the list are those that can be used by athletes to provide an unfair advantage (3) . Substances on the prohibited list include anabolic androgenic steroids, glucocorticosteroids, peptide hormones and their modulators, hormone antagonists and their modulators, stimulants, β2-agonists, narcotics, alcohol, β-blockers, cannabinoids, and diuretics and masking agents (3) .
Anabolic androgenic steroids (AAS) and other anabolic agents are by far the most widely abused substances included on the prohibited substances list, accounting for approximately 65% of all positive samples (both adverse and atypical findings) in 2009 (the most recent year for which official data are available) (4) . The current regulations, instead of curtailing the use of AAS, have led to their clandestine production and the black market synthesis and sale of structurally unique synthetic steroids as well as other nonsteroidal compounds that modulate steroid receptors to increase endogenous anabolic processes. These compounds are produced so abusers can evade detection and identification of these substances with current analytical procedures.
The term AAS refers to testosterone and its derivatives and analogues and SARMS which bind to the human androgen receptor (hAR). Endogenous AAS primary role is the maintenance of male sexual organs (androgenic effects); activation of the hAR by AAS may also result in an increase in muscle mass and strength (anabolic effects). Clinically, AAS are used for the treatment hypogonadism, impotence, and muscle wasting disorders; they are also abused by athletes for their anabolic properties. Major problems with the abuse of endogenous AAS, such as testosterone or dihydrotestosterone (DHT), are their high metabolism and serious side effects (5) (6) (7) . Synthetic AAS are manufactured to reduce metabolism and increase potency (6, 8) . AAS are also synthesized to circumvent typical detection methods such as mass spectrometry. Minor structural modifications of a steroid can render it undetectable via conventional means yet allow it to maintain its anabolic potential, as was with the case with tetrahydrogestrinone (THG) (9) . The 2004 scandal in which a supposed "undetectable steroid," later identified as THG, was discovered has brought the problem of detecting AAS and other steroid abuse to light (9) (10) (11) (12) (13) . The number of designer steroids currently being abused is unknown because detection methods are only identifying substances with a known structure.
Current techniques for the detection of sports doping, such as gas chromatography-mass spectrometry, rely on prior knowledge of the structure of the steroid. These target methods are used in anti-doping laboratories to detect the presence of low concentrations of known prohibited substances. However, since new steroids and synthetic compounds are made to evade conventional testing methods while retaining desired anabolic activity, new assays need to be developed to detect excess levels of these substances (11) (12) . Some research developments have recently been made to overcome some of the pitfalls of known target analysis; these methods involve more sophisticated use of mass spectrometry technology including full scan liquid and gas chromatography/electrospray ionization orthogonal acceleration time-of-flight mass spectrometry, full scan liquid chromatography/time-of-flight mass spectrometry, and precursor ion scanning after liquid chromatography-electrospray-tandom mass spectrometry (14) (15) (16) . Although very beneficial, it is still possible that these methods may miss newly developed compounds. The next generation of detection methods, as the field moves away from checking for exposure to prohibited substance toward detecting an effect of prohibited substances, will not require knowledge of the exact structure of the compound and will employ biologically-based assays utilizing the hAR and other steroid receptors. Biological assays also have other applications beyond the identification of steroid receptor ligands for antidoping laboratories; they can be used in tandem with mass spectrometers to determine the structure of new ligands, they can be utilized to determine the relative biological activity of steroid receptor ligands, and they can be coupled with microsomal metabolism studies to assess the biological activity of compound metabolites. The objective of this paper is to briefly review the androgen receptor and its action and discuss current assays being developed using the hAR.
Steroid Hormone Receptors
Steroid hormone receptors (SHRs) are members of the steroid and nuclear receptor superfamily (17) . This superfamily has over 100 members, only five of which are SHRs: estrogen, androgen, glucocorticoid, progesterone, and mineralocorticoid (18) . SHRs are located in the cytosol and in the nucleus of target cells and also on the plasma membrane. They are typically cytoplasmic and nuclear transcription factors and after ligand binding initiate signal transduction which leads to changes in gene expression.
Androgen Receptor
Similar to the other SHRs, the hAR functions as a transcription factor and is typically regulated by specific steroid ligands, such androgens and selective androgen receptor modulators (SARMs). The hAR cDNA (GenBank ID NM_000044) is approximately 2.8 kilobases and the eight exons code for 919 amino acids (approximately 112 kDa) (19) (20) (21) . The hAR has a characteristic structure consisting of several domains: two activation functions (AF1 and AF5) in the N-terminal domain (NTD), DNA-binding domain (DBD) which contains the dimerization domain, a nuclear localization signal (NLS), hinge region, and a carboxy-terminal ligand-binding domain (LBD) which contains a third activation function domain (AF2) (17, (21) (22) (Figure 1 ). AF1 and AF2 are modulatory regions which are involved in accessory protein binding dependent on the conformation of the receptor after ligand binding. AF5 operates in a ligand-independent manner (22). Claessens et al. review and describe the current knowledge on the structure-function relationships within the domains of the hAR (23) .
The hAR undergos what has been called the two-step model of steroid action. In this model, inactive steroid receptors (referred to as untransformed) are associated with several chaperone proteins (including the heat shock proteins hsp90, hsp70, and hsp53 as well as p23, and immunophilins) via interactions in the LBD (24) (25) . The dissociation of some of these chaperone proteins results in a transformed steroid receptor with exposed DBD (which contains the dimerization domain) and LBD. Transformed receptors remain bound to hsp90, as hsp90 is required for proper LBD conformation for ligand binding. Transformed steroid receptors become activated when ligands bind and cause the loss of hsp90. Additionally, the structure of the NTD changes upon ligand binding (26) exposing a flexible region for the recruitment and assembly of coregulator proteins and transcriptional machinery. The conformational changes which occur in this region of the hAR may serve as the primary mediator of the cell and gene specific effects of androgens (26) . With the loss of hsp90, the ligand-dependent NLS is exposed (note that steroid receptors can dimerize while transformed or activated) (24) (25) 27) ; the ligand-dependent NLS causes translocation of the receptor to the nucleus. Ligand-dependent NLSs of SHRs have varying strengths and cause differential nuclear translocation. Once at the nucleus, import is facilitated at the nuclear pore complex via the RanGTP-dependent importin α/β system (28) (29) . When inside the nucleus, translocated receptor dimers recruit transcriptional binding partners (coregulators).
This receptor dimer-coregulator complex binds to hormone promoters in DNA, associates with basal transcriptional machinery, and initiates transcription of various genes involved in anabolic processes ( Figure 2 ) (21).
The hAR associates with a specific DNA sequences termed androgen response elements (AREs). AREs are characterized by six-nucleotide half-site consensus sequences spaced by three random nucleotides in the promoter region of target genes: 5'-TGTTCT-3' (21, 23, (30) (31) (32) . There are also several hormone response elements (HREs) which can bind to several (or all) steroid receptors, including the mouse mammary tumor virus promoter (MMTV), and some glucocorticoid response elements (GREs) (31, 33) . Steroid receptor export from the nucleus occurs at the nuclear pore complex and is facilitated via the RanGTP-dependent CRM1 system (28) (29) .
It should be noted that in the absence of ligand, steroid receptors are in a steady state between the untransformed and transformed (transformed receptors may or may not be active and associated with hsp90) states and constantly shuttling into and out of the nucleus (though, in the absence a ligand, hAR remains in a steady state in which most of the receptor is cytosolic) (24, 34) .
Transformation can be reversed by the chaperone system's ATP-dependent reassociation with the steroid receptor. Association of hsp90 is also reversible via an ATP-dependent mechanism (24) .
The hAR is expressed at varying levels in all major physiological systems including the central nervous, endocrine, metabolic, gastrointestinal, immune, reproductive, cardiovascular, and respiratory systems. Most tissues have low to moderate expression levels; however, there are high expression levels in the epididymis, ovary, uterus, prostate, vas deferens, adrenal gland, kidney and skeletal muscle (35) . Several different cancers, cardiovascular defects, neurological conditions, immune diseases, reproductive conditions, and psychiatric disorders have been associated with hAR dysfunction.
Human satellite cells are stem cells involved in the repair and maintenance of skeletal muscle and have been proposed as the primary site of the anabolic action of AAS (36) (37) .
However, the exact mechanism of action of AAS in these cells is still poorly understood . It has been proposed that AAS act through an hAR-mediated mechanism and induce the commitment of these cells into a myogenic lineage. The results of this mechanism in skeletal muscle are hypertrophy of both type I and type II muscle fibers (but not an increase in the number of fibers) (36, (38) (39) (40) (41) (42) (43) , an increase in the number of myonuclei and satellite cells resulting in an increase in the number available for conversion to skeletal muscle fibers (38, (44) (45) (46) , and an upregulation of the number of hARs in the cells (39, 44, 47) .
Nuclear Receptor Coregulators
Coregulators of hAR are proteins that are recruited by the receptor and either enhance 
Anabolic-Androgenic Steroids
The primary role of androgen mediated hAR signaling is the proper development and function of male reproductive organs as well as muscle maintenance. The physiologic effects of endogenous androgens are both androgenic and anabolic; AAS vary in their balance of androgenic to anabolic effects. Androgenic effects include the growth, development, and maintenance of primary (genitalia and genital tract) and secondary sexual characteristics in men, the early stages of breast and pubertal development in girls (adrenarche), spermatogenesis promotion, neuroendocrine regulation of gonadotropin secretion, and libido stimulation. Anabolic effects include stimulation of nitrogen retention, increased protein synthesis and production, increased lean body mass, increased body and muscle growth, and skeletal growth and epiphysis closure of long bones during puberty. There are also some metabolic and hematologic actions of AAS including erythropoiesis, decreased synthesis of several clotting factors, increased sebum production in skin, decreased synthesis of HDL cholesterol, increased synthesis of LDL cholesterol, androgenic alopecia (male pattern baldness), and increased bone density (57) (58) .
Endogenous hAR ligands include testosterone and its active metabolite 5α-dihydrotestosterone (DHT), in addition to several others. Testosterone is primarily synthesized in Leydig cells of the testes in men and the adrenal cortex, liver, and ovary in women. Although some of the precursors in the synthetic pathway of testosterone, such as androstenedione, have weak agonist activity, testosterone and DHT are the primary endogenous androgens ( Figure 3 ).
Testosterone binds with high affinity to hAR and also cross reacts with the progesterone receptor (PR) and the estrogen receptor (ER) while DHT binds more specifically to the hAR (21, (57) (58) .
Testosterone is metabolized in target tissues and in the liver. In target tissues, most testosterone is metabolized by 5α-reductase to DHT (the most potent endogenous AAS).
Testosterone can also be metabolized by aromatase enzymes to estradiol ( Figure 3 ). Both 5α-reduction and aromatization are irreversible. In addition to these metabolic pathways, TEST can be inactivated in the liver through reduction and oxidation followed by glucuronidation and renal excretion (21, (57) (58) (59) .
In addition to the endogenous AAS, there are several synthetic testosterone derivatives which are used clinically. The therapeutic uses of androgens include hormone replacement therapy (HRT) in primary or secondary hypogonadism in men, induction of puberty in delayed sexual maturation of boys, osteoporosis in males, HRT in female menopause, endometriosis, treatment of anemia, treatment of hereditary angioedema, and the stimulation weight gain after surgery, infection, and AIDS. Because of aromatization, AAS also possess some estrogenic effects such as gynecomastia. Common adverse effects include acne, scalp hair loss, obstructive sleep apnea, hirsutism, mild voice deepening, and edema. Serious adverse of AAS use and abuse are both physiological and psychiatric and include hepatotoxicity (cholestatic hepatitis and jaundice, adenomas, carcinoma, peliosis hepatis), premature bone maturation and epiphyseal closure (in adolescents), increased risk of cardiovascular disease, testicular atrophy, oligospermia, and prostatic hyperplasia or carcinoma (43, (57) (58) .
A healthy adult male has circulating androgen concentrations ranging from 300-700 ng/dL (approximately 11-25 nM); endogenous testosterone secretion is pulsatile and diurnal with the highest concentration occurring in the morning and lowest concentration at night (58) . The hAR in skeletal muscle is typically saturated with physiologic concentrations of circulating testosterone (6, 8) ; however, those who use anabolic agents administer supraphysiologic doses (100 times the physiological dose or more) and multiple steroids on a daily basis. Evidence suggests that at the supraphysiologic concentrations some steroids are competitive antagonists at the human glucocorticoid receptor (hGR) complementary to their agonist activity at hAR (60) (61) (62) . These actions can lead to increased nitrogen retention and protein production mediated by hAR, decreased protein catabolism mediated by the hGR (8) , and ultimately a net gain in muscle mass.
Because of their anabolic effects, AAS are commonly abused by athletes (5-6, 8, 63) . Many synthetic AAS have been developed in an attempt to alleviate some of the adverse androgenic and estrogenic effects while enhancing the anabolic properties. Most designer androgens originate from 1960-1970s pharmaceutical industry androgen discovery and synthesis programs largely geared at identifying a purely anabolic steroid and oral contraceptives (64) . In 1969, Julius A. Vida published a comprehensive book which discusses metabolic factors, structure activity relationships, and the therapeutic action of androgens. He compiles approximately 650 androgens and anabolic agents and documents the relatively small changes in chemical structure which can bring about sharp changes in potency (65) . Recently, this textbook has re-emerged in bodybuilding circles and is discussed on website forums. AAS abusers are looking for new compounds to use as doping agents that are not included in traditional screens (66-67).
Testosterone is prototype for the development of new androgen receptor agonists; the goals of the development of synthetic AAS are to improve the pharmacologic properties of the compounds (63) . For example, carbon 17-β esters of TEST have been manufactured; esterification of this site makes the steroid more fat soluble for parental use and delays its absorption.
Testosterone alkyl derivatives at the carbon 17-α position resist metabolism in the liver and are orally active, but are also associated with severe liver toxicities. Modification of the A, B, or C rings of the steroid have several goals including slowing the metabolism (and decreasing affinity for metabolizing enzymes), enhancing affinity for the hAR and hGR, and causing resistance to aromatization (6, 8, 63) . For example, the removal of carbon 19, reduction at the 5α carbon position, the replacement of carbon 2 with oxygen, and the addition of a heterocyclic ring to carbons 2 and 3 all increase anabolic activity. Figure 4 summarizes the common modifications made to the steroid backbone to develop synthetic AAS. Several AAS have been developed for clinical use (extensively reviewed by Kicman (68)) by utilizing the modifications listed above.
However, many of the AAS that have been developed for therapeutic use have also been abused, and the development of designer AAS to circumvent doping tests is a common problem (64) .
Selective Androgen Receptor Modulators (SARMs)
Steroid replacement therapy using synthetic AAS has been employed since the structure of testosterone was identified. Testosterone has drawbacks including limited oral bioavailability, inability to dissociate the anabolic and androgenic effects, and severe side effects (43, (57) (58) 69) .
In an attempt to diminish these drawbacks, thousands of potential AAS have been proposed and developed (65, 68) . Only a few are approved for pharmaceutical applications and none of them are considered acceptable for long-term therapy due to adverse side effects. The task to develop the perfect anabolic steroid has proven difficult.
In 1998, the first nonsteroidal hAR agonist was developed (70) . Following this discovery, several more nonsteroidal selective androgen receptor modulators (SARMs) were developed; all lacking a core steroid structure (69, 71) . SARMs have tissue selective activation of the hAR; they can be strong agonists in one tissue and antagonists or weak agonist in another (63) . The ideal SARM has been described as a compound which exerts tissue-specific anabolic effects in vivo, with anabolic effects in muscle and bone but lesser effects in the prostate and seminal vesicles (72) .
Additionally, SARMs bind to the hAR but are resistant to metabolism by 5α-reductases and aromatases (73) , and therefore, the unwanted adverse effects due to estrogenic and amplified androgenic signaling do not occur (74) .
Most SARMs were developed for the treatment of specific diseases such as sarcopenia and osteoporosis. SARMs illicit varying conformations of the hAR which enables interactions with differing coregulators; this association with varying coregulators causes tissue specific actions of SARMs (69, 75) . Tissue selectivity is useful for medical treatment of muscle wasting diseases and is very tantalizing for athletes looking to enhance their performance and evade detection in doping tests (74) .
Currently, there are 3 SARMs in clinical trials and large number of compounds being sold on the internet claiming to be SARMs. SARMs are included on the prohibited list of the WADA (76) . There are mass spectrometric methods for the detection of known intact SARMs, their known metabolites and degradation products (74, (77) (78) (79) . However, the complexity and structural heterogeneity of SARMs is a challenge for detection methods (77) . There is the possibility of newly synthesized and modified SARMs emerging in attempts to evade detection in antidoping tests.
Biological Androgen Receptor Assays
The number of abused compounds and methods used by doping athletes is constantly changing (80) . Sports testing procedures need to be continuously updated to keep up with the abusers. Previously, doping control focused on approved therapeutics, but athletes misuse compounds that are not tested and not clinically approved (some synthesized solely for doping purposes, i.e., THG). The current challenge for antidoping laboratories is to identify these compounds with new, more comprehensive technologies (64, (81) (82) such as biological assays which do not require the knowledge of the structure of the compound for detection.
Current analytical methods for the detection of AAS, SARMs, and other steroids and compounds of abuse include gas and liquid chromatography (GC/LC) coupled to a mass spectrometric detectors (MS). MS-based methods are powerful and very useful for use in sports doping laboratories because they are specific and sensitive detection methods. They, however, have the major limitation that they cannot identify compounds of unknown structure and rely on prior knowledge of the structure of the steroid (64, 83-86).
There is a high risk of overlooking compounds with similar biological activity, but differing structures, such as designer steroids. An alternative to chromatography and MS methods are biologically-based assays. These include yeast and mammalian cell reporter gene assays involving steroid receptors. They have been developed to amplify and measure biological activity and can be sensitive and provide information on the presence of steroid receptor activating compounds independently of knowing the structure. Table 1 (21, 23, (30) (31) (32) . We have previously detailed the kinetics of hAR and hGR translocation by observing, in real-time, the ligand-dependent transport of the receptors to the nucleus (34), which could be a factor in the resulting bioactivity. The DNA-bound receptor-ligand complexes then initiate the transcription of target genes and a protein is produced. In biologically assays, host cells (yeast or mammalian) are chosen to exploit and monitor this pathway. DNA vectors coding for the hAR are introduced into the cells along with vectors containing AREs or HREs which are linked to a reporter gene. The reporter genes encode a protein that can be easily measured such as luciferase, β-galactosidase, or green fluorescent protein. When ligands are added to the system, the constitutively expressed receptors are activated, bind to the response elements, and produce the protein of the reporter, which can then be measured. Figure 5 is a cartoon which shows the process of the biological assay. These bioassays directly measure the bioactivity of compounds which bind to the hAR without prior knowledge of the structure of the compound.
There are two main varieties of biological assays, those which utilize the laboratory yeast strain, Saccharomyces cerevisiae (88-100) and those which utilize mammalian cells (101-115). Table 2 Table 2 ).
Mammalian cell bioassays have been reported to have a higher sensitivity than yeast assays ( Investigators have shown that androgens have distinct expression profiles using the promoters ARE2-TATA, MMTV, and GRE-OCT (31). However, because of SHR promiscuity at HREs, it is possible that both the hAR and the other SHRs activate these promoters and the results could be due to cross-reactivity of ligands binding to other SHRs and general HREs (116) (117) (118) . If testing samples from humans containing endogenous steroids, this lack of cross-reactivity becomes important. A selective HRE, PB-ARE-2, has been described for the hAR (23, (119) (120) (121) (122) (123) ; however, most of the biological assays using mammalian cells have utilized the MMTV promoter which has shown cross reactivity with other receptors and ligands (108, (110) (111) .
Additionally, the use of full length or truncated (only LBD) hAR is an issue for consideration. Using full length hAR will provide a more accurate assessment of steroid bioactivity, as there are ligand-dependent conformational changes of the hAR resulting in differential coregulator recruitment, differential DNA binding, and transactivation (49, 51, 53, 56,
124-128).

A Newly Developed hAR Biological Assay
Figures 6, 7, and 8 show data from an hAR bioassay developed in our laboratory.
Transactivation (biological activity) mediated through the human hAR after the binding of abused steroids was assessed. A firefly luciferase assay which uses the specific hAR promoter PB-ARE2 and full length hAR was developed using COS-7 cells and transient transfection. This assay uses the PB-ARE2 promoter which is specific for the hAR (119, 121) , full length hAR to assure proper funtion of the receptor, and COS-7 cells, which are derived from CV-1 cells that have been shown to be devoid of AR, ER, and TR (129) to minimize cross reactivity in the assay.
Assay Methods
Briefly, a full length hAR plasmid (from A. Saporita, Northwestern University) (130) were also normalized to vehicle. The assays were averaged and standard deviation calculated.
Data was analyzed with one-way ANOVA with Dunnett's post test, p-value < 0.05 considered significant (GraphPad Prism version 4.00 for Windows).
Assay Results
Endogenous Anabolic-Androgen Steroids Figure 6 shows the activity of endogenous steroids androstenedione, DHT, and testosterone in this assay. There is a dose-dependent increase in fold induction over vehicle for these endogenous steroids. A maximum fold induction of approximately 20 was observed for these endogenous anabolic-androgenic steroids.
Synthetic Anabolic-Androgen Steroids
The fold induction observed after treatment with the synthetic steroids nandrolone, oxandrolone, and methyltrienelone is shown in Figure 7 . A significant difference from vehicle was observed for all 4 doses of methyltrienelone and nandrolone and for the 10 nM, 50 nM, and 100 nM doses of oxandrolone. The maximum fold induction seen for these synthetic steroids was approximately 30.
Glucocorticosteroids
Glucocorticoid ligands, cortisol and dexamethasone, were tested in the assay after transfection of COS-7 cells with hAR and PB-ARE-2. Figure 8 shows there was no significant induction of hAR promoter driven luciferase production mediated via these ligands after a 24 hour treatment, as expected.
The data presented here show a dose-dependent response for all steroids studied in this reproducible biological assay. The approximate physiologic range of endogenous androgens in a male is 300-700 ng/dL (approximately 11-25 nM) (58) . Many steroid dosing regimens used by athletes use much more than this, up to 100 times the physiologic range (and multiple steroids), on a daily basis. Four concentrations of steroids (1 nM, 10 nM, 50 nM, and 100 nM), adjusted to the volume of the cell culture wells, were tested ranging from very low to supraphysiological and encompassing these normal physiological levels. With this assay, synthetic steroids (nandrolone and oxandrolone) have a higher activity (as indicated by fold induction in the luciferase assay) than endogenous steroids (androstenedione, DHT, and TEST). The higher activity is indicated by the greater production and measurement of luciferase by the synthetic steroids at the same dose as the endogenous steroids. This higher activity seen in the assay is parallel to the effect seen in vivo; that is, the synthetic steroids are reported to have a higher efficacy because of their structural modifications (5-6). It is also worth noting the general trend that statistical significance (compared to vehicle) was seen when doses of steroid in the assay exceeded the normal physiological range of endogenous steroids. Previously, we have shown that increasing concentrations of steroids cause an increase in the rate of transport of the hAR to the nucleus. It is likely that this increase in translocation correlates to an increase in biological activity (34) . This has significance when attempting to detect steroid abuse since the amount of steroid abused is typically in excess (nearly 100-fold) of physiologic levels.
Although there are other systems available to detect steroid bioactivity, our system more closely mimics endogenous receptor activity and function since it uses full length receptors (instead of just ligand binding domains) as well as a mammalian system (as opposed to yeast).
Additionally, a very specific hAR promoter (PB-ARE2) was used in an attempt to make a receptor specific assay to determine the presence of hAR agonists without cross reactivity with other endogenous steroids or steroid receptors. In addition to the hAR biological assay presented, we have also developed an hGR assay for the detection of glucocorticosteroids and selective glucocorticoid receptor modulators. Similar to the hAR assay presented, this assay utilizes full length hGR, a promoter specific for the hGR, the cytosolic aspartate amino transferase glucocorticoid response element (cAspAT-GRE) (131) , and COS-7 cells. Experiments are underway to optimize both receptor assays for use in antidoping laboratories and to assess urine samples from both steroid abusers and non-abusers. Current experiments being performed are attempting to distinguish endogenous steroids in biological samples from exogenous steroids in the samples. The current hypothesis uses an idea similar to the testosterone:epitestosterone ratio; that there is a normal range of steroids (and therefore expected response) using the biological assay.
Data is being collected to determine this normal range for both males and females. Once a normal range is determined, it will be used to identify irregular and possibly positive samples.
The only requirement to obtain a positive response and assess transcriptional activity in these assays is the presence and ability of an agonist to bind to the hAR or hGR. No prior knowledge of the structure of the compound is required. After the addition of a sample containing steroids to the cells in these biological assays, the amount of exogenous protein produced can be measured. This amount of protein corresponds to the activity and amount of steroid present in the sample. Once the presence of an agonist is determined, further studies can be pursued to identify the compound. These biological assays may also, along with determining the presence of a ligand, be used to predict the anabolic potential of existing and newly synthesized compounds, be utilized in tandem with MS technology for structure identification, and, when coupled with microsomal metabolism studies, metabolites of compounds can be assessed (132) .
Conclusion
The biological assays discussed here exploit the transcriptional activation mediated by SHRs, specifically the hAR, in an attempt to directly determine the presence of and biological activity of hAR ligands (agonists and antagonist when used as competitive assays). The biological assay data presented here and similar biological assays may be adapted to screen urine samples for steroid abuse. In the event of a positive response, the compound in the samples can then be determined using typical structure identification methods such as mass spectrometry. With the application of this assay to evaluate urine samples, it may be possible to determine the presence of previously non-detectable and designer steroids as well as SARMs in an easy and reliable way. In addition to this assay's ability to detect the abuse of steroids, it may also be used to determine the 
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